It is being gradually accepted that osteoarthrosis should be regarded in functional terms and, for investigative purposes, as 'joint failure'. Various anatomical, metabolic, and tissue factors can all produce the same end result in the final common pathway of cartilage degeneration, pain, and loss of joint function. Thus osteoarthrosis is a heterogeneous disease that is age-related but is not merely a consequence of ageing. This makes finding a single initial pathogenic mechanism difficult and may imply the coexistence of more than one aetiological factor. There are many reviews of osteoarthrosis (Sokoloff, 1969; Howell and Bollet, 1973; ; Kempson et al., 1975 ; Lee et al., 1974) . This brief survey is limited to examining some of the recent concepts and developments in the study of osteoarthrosis and joint failure.
Osteoarthrosis has been divided traditionally into primary and secondary forms. We can argue that with sufficient knowledge of the disease we shall be able to describe all osteoarthrosis as secondary to some initiating factor. At present there are varieties which, because we lack knowledge of a cause, we term primary or idiopathic. It is this type of disorder which needs an explanation most urgently. It is noteworthy that some varieties of secondary osteoarthrosis are due to mechanical failure or mechanical misalignment of the joints. In this category we find osteoarthrosis secondary to congenital hip dislocation, Perthes's disease, slipped capital femoral epiphysis, and other forms of osteoarthrosis due to altered geometry of the femoral head, femoral neck, and acetabular interrelationships. We are familiar, too, with some of the endocrine and metabolic influences that cause osteoarthrosis such as acromegaly, chondrocalcinosis, and ochronosis.
Use and misuse of joints There have always been doubts about the hypothesis that the general wear and tear of joints leads to cartilage degeneration and osteoarthrosis. Experiments with excessive use of joints by long-term, forced running on a motor driven cylinder caused little degenerative change in mice (Lanier, 1946) .
In Finland Puranen et al. (1975) studied the hip joints of 74 former runners to determine the significance of physical strain in the development of osteoarthrosis. Primary osteoarthrosis was present in only 4% of the athletes but in 8-7 % of the normal controls. They thought that competitive sports could not be a factor in making osteoarthrosis more likely, nor did the joints of any of the runners have changes indicating epiphyseolysis which Murray and Duncan (1971) had found in athletes. Puranen et al. concluded that the physical strain to which runners' hips are subjected is not a cause of osteoarthrosis and that normal use of the joint is good for its health.
The extensive studies in Leeds on this subject have also cast doubt on the simple wear-andtear explanation for osteoarthrosis (Adams, 1976; Burke et al., 1977; Murray-Leslie et al., 1977) . Those thought to be likely to get osteoarthrosis by virtue of their occupation or sport, such as professional footballers (Brodelius, 1961) , pneumatic drillers (Radin et al., 1972) , and parachutists (Jackson, 1968) have been found to have no more joint degeneration than the rest of the population. Moreover, 25 grossly obese patients showed no further osteoarthrosis than the average (Goldin et al., 1976) . The only common factor among the parachutists with osteoarthrosis was meniscectomy, a well-known association (Jackson, 1968) . Thus clearly normal or even excessive use ofjoints does not necessarily lead to osteoarthrosis. Changes on joint surface A very important contribution to our knowledge of osteoarthrosis and of the changes that occur in articular cartilage was made by Byers et al. (1970) . They found that the most frequent change that normally occurs with age in normal femoral heads is fibrillation in various non-pressure-bearing areas. They termed this a non-progressive lesion and observed that it did not lead to osteoarthrosis. In another set of femoral heads they noticed that some lesions on the superior surface of the femoral heads were progressive; these could be correlated with osteoarthrotic changes. In this way, for the first time, fibrillation of the non-osteoarthrotic type and fibril-191 lation, in certain pressure bearing areas, of an osteoarthrotic type could be differentiated. This important contribution has facilitated a better biochemical and ultrastructural characterisation of the osteoarthrotic tissue as compared with the non-osteoarthrotic fibrillated tissue. Byers et al. (1970) found that the progressive osteoarthrotic lesion affected about 4% of a caucasian population while the non-progressive affected a very large number which increased with age, reaching a maximum of 80% in the seventh decade for the most prevalent feature. Hoaglund et al. (1973) estimated the incidence of grade 3 and 4 osteoarthrosis of hip in Hong Kong Chinese as being only 1 2 % for men and almost zero for women. A similar study found a very low incidence of osteoarthrosis in the Indian population and led to the conclusion that in these Asian populations primary osteoarthrosis is extremely rare. Byers et al. (1975) examined necropsy specimens of femoral head from Chinese and Indians and found that the number and severity of many non-progressive lesions in the Asians was less than in caucasians. Progressive changes were very rare. These geographical and ethnic differences indicated that osteoarthrosis is not due merely to ageing of the tissues. There are other factors that need further investigation. Meachim and Emery (1973) have studied the incidence of cartilage fibrillation in various joints at necropsy in the Liverpool population, using an Indian ink technique. Their results and conclusions about the changes with age in normal articular cartilage agree largely with those of Byers et al. (1970) . They show that from teenage onwards focal areas of cartilage splitting and disintegration are extremely common in adult synovial joints. These lesions tend to spread tangentially across a joint surface to affect an increasingly large area. At certain sites the lesions may progress vertically to expose bone. These sites closely resemble the progressive areas in the femoral head described by Byers et al. (1970) .
These findings mean that the surface cartilage of a normal joint is not completely intact but has both intact and fibrillated areas. Therefore in considering the initiation of osteoarthrosis we should differentiate between the osteoarthritic type of fibrillation as compared with normal fibrillation. In this instance osteoarthrosis is a disease caused by at least two factors-the first general change in cartilage is accelerated by a second factor causing abnormal wear, as in the zenith of the femoral head in hip joint disease. Joint geometry and congruity The geometrical shape of the different components S. YousufAli of the human joint can have a very important effect on its functional quality. Bullough et al. (1973) found that the fit or 'sphericity' of the ball-andsocket type ofjoint changed with age. After examining many joints they concluded that as people grow older the contours on a joint give a better fit. Joint contours that are incongruent in youth become less so with age and therefore the contact between opposing surfaces becomes greater. The effect that this change may have on the load transmitted through cartilage is very considerable in engineering terms. Bullough et al. (1973) showed that the head of the femur 'misfits' the acetabulum in a very particular way. There is a gap on the superior surface. With advancing age the joint assumes fuller congruity and this uppermost zone gains contact with the acetabulum. This contact puts additional pressure on an area of the femoral head which to that date had not participated in articulation unless a heavy load was put on it. Individuals in whom this type of congruity is achieved early are then particularly susceptible to osteoarthrosis. This important evidence has received support from other laboratories where such phenomena have been studied and where the contact areas of various additional joints have been mapped out.
There are at least two important implications of this concept. The first is that the health, thickness, and compliance of articular cartilage itself may change the geometric configuration of a joint and therefore make the contact areas vary with age or with disease. The second is that a change in geometry may be brought about by a remodelling of the subchondral bone or in the calcified cartilage due to altered pressure (Goodfellow and Mitsou, 1977) .
Compliance of cartilage and subchondral bone
The compliance and elasticity of human articular cartilage changes with age. Gardner and his colleagues (Armstrong et al., 1977) measured the deformation of femoral head cartilage under loads of up to five times body weight on 30 whole hip joints obtained post mortem, illustrating graphically the results from a young (32-year-old) and an old (80-year-old) woman. They concluded that young adult cartilage is firm and the reduction in thickness with physiological loads is very little, whereas older cartilage is much more compliant and deforms up to 15% of its thickness when an identical load is applied. The implications from this work are at least twofold. Firstly, the more compliant cartilage is likely to encounter a greater contact area of the opposing joint surface, changing both the congruity of the joint and the wear on the contact area. Secondly, a change in compliance may be brought about by any change in chemical constitution of the cartilage that alters its characteristic response to load.
An important role for the underlying bone in the pathophysiology of joint function has been demonstrated by the work of Radin and his colleagues (Radin, 1976) . They showed that changes of a subtle and clinically undetectable nature may be at work in the subchondral bone region. They suggest that there may be an increase in the rigidity of the subchondral cancellous bone, so imparing the joints capacity to bear dynamic stress without damage to cartilage. They maintain that the nature of the mechanical stress which is most destructive to cartilage is the repetitive impulsive loading that creates tensile fatigue. This is evident with age. The subchondral bone seems to be extremely sensitive to such repetitive loading.
Radin et al. believe that increased rigidity may be caused by callus formation secondary to the isolated fatigue fractures that are seen in the subchondral bone region in the femoral head and other joints. In conformity with this view it should be remembered that Johnson (1962) had suggested remodelling of the subchondral bone region as an initiating cause in osteoarthrosis. Foss and Byers (1972) found that osteoarthrosis is commoner in people with an aboveaverage skeletal mass or bone density, implying that osteoarthrosis may be associated with rigid bones.
Changes in cartilage enzymes and proteoglycans
Although a number of these factors may operate in initiating osteoarthrosis it is generally accepted that the tissue most affected first is cartilage and that the other tissues such as the synovial membrane, subchondral bone, and joint capsule are affected later. Articular cartilage has therefore been subjected to detailed ultrastructural, biomechanical, and biochemical studies.
Articular cartilage derives its characteristic resilience and weight-bearing properties from the interaction of its chemical constituents. Collagen, proteoglycans, and other minor constituents such a glycoproteins and mineral are the most important components of cartilage. The way water is bound to some of these polymers determines how the tissue is going to react to pressure. The role of proteoglycans in providing cartilage with many of its characteristic properties is now well established Freeman, 1973; Muir, 1977) . Proteoglycans are lost from articular cartilage matrix in osteoarthrosis and the chondrocytes in osteoarthrotic cartilage are active in the synthesis of proteoglycans, with a high turnover (Mankin, 1974; Maroudas, 1975 (Ali, 1964; Chrisman, 1969; Dingle, 1973; Howell and Bollet, 1973 (Ali and Evans, 1973 (Bayliss and Ali, 1978) . These analyses have shown that the concentrations of degradative enzymes in human osteoarthrotic tissue are raised and the proteoglycans altered.
This change in the nature and level of proteoglycan in articular cartilage can have several consequences.
Freeman (1972) and Kempson (1975) showed that the compressive stiffness of articular cartilage is dependent on its proteoglycan content. Depletion of proteoglycans would make it much more susceptible to degeneration. Moreover, proteoglycans in cartilage have been variously shown to participate in the water binding of the tissue, the type of collagen fibrils formed, calcification of the matrix, and even the prevention or control of vascularity and capillary formation. Loss of proteoglycans from articular cartilage will affect some of these factors and alter the characteristics of cartilage in such a way that it 
Changes in collagen
Collagen is the major polymeric component of articular cartilage and the network of its fibres retains the characteristic proteoglycan gel. Water is trapped within the gel. The tensile properties of human adult articular cartilage are due mainly to the collagen fibre network. These have been extensively studied by Freeman (1972) and Kempson (1975) . Kempson (1973) has shown that the tensile properties vary from the surface through the deeper layers and that this variation can be correlated with the variation in the collagen composition of cartilage. He found that the tensile strength and stiffness of articular cartilage change with increasing age. This change takes the form of diminishing strength and diminishing stiffness. Since the occurrence of osteoarthrosis and the incidence of fibrillation both increase with increasing age this loss of tensile strength may be related to the genesis of osteoarthrosis. Weightman (1975) has shown, firstly, that human adult articular cartilage in tension is indeed fatigue prone and, secondly, that the fall in fatigue resistance with age is so pronounced that tissue from cadavers of 20 years of age would not be expected to fail after the application of over 100 millioncycles ata stress of 5 MN/M2, whereas this stress would produce failure in the tissue of cadavers of 50 years of age after application of the order of only 10 million cycles. Weightman (1975) has also shown that a cyclically applied compressive load produces fragmentation of the surface of loaded articular cartilage and an appearance very similar to the fibrillation seen in human joints. Continuing with his search for a primary aetiological factor in osteoarthrosis, Freeman and colleagues (Day et al., 1975) identified an anatomical feature in the acetabulum which makes contact at low loads with the zenith zone of the femoral head. This feature produces a contact pressure area on the zenith of the femoral head corresponding to the congruity observed by Bullough et al. (1973) . On the basis of these experiments Freeman (1975) has advanced the hypotheses that in some cases of osteoarthrosis fibrillation may be due to collagen fatigue failure in the articular cartilage and that this phenomenon is age-related (because the fatigue resistance of the collagen network in articular cartilage diminishes sharply with increasing age). The fall in the tensile stiffness and strength of articular cartilage is compatible with this view. The evidence suggests that although the amount of S. Yousuf Ali collagen in the matrix of cartilage does not diminish with increasing age, or with the onset of osteoarthrosis, the mechanical integrity of the network is prone to failure. This implies that the collagen fibres, or the cross-links between them, are breaking. Thus, once the surface has become fragmented, the collagen network which normally retains the proteoglycans becomes disrupted, releasing the proteoglycans into the joint This secondary leakage is consequential on the loosening of the collagen network. Freeman (1975) goes on to suggest that the particular triangular fibrocartilagenous area at the zenith of the acetabulum may produce greater contact pressure than normal. This anatomical feature may be much more common in certain populations than others, producing osteoarthrosis more often in caucasians than in Asians.
Remodelling and abnormal mineralisation
Observations by Johnson (1959 Johnson ( , 1962 led him to the idea of continuous remodelling of subchondral bone as a general concept, not confined to the temporomandibular joint of human adults. In a study of adult human patellae, Green et al. (1970) concluded that there is continuous growth activity in the osteochondral region during the adult years. The work of Radin (1976) persuaded him that changes first occurred in the subchondral plate which made cartilage much more susceptible to degeneration. All these studies have been on osteoarthrotic material; it was not easy to determine whether the changes in the subchondral bone and the remodelling process preceded or succeeded the osteoarthrotic process. From observations by surgeons, who noticed the general absence of osteoarthrosis in the head of femurs excised in the treatment of fractures of the femoral neck, Ball (1966) first confirmed the impression that osteoporotic patients did not develop osteoarthrosis. This stimulated Foss and Byers (1972) to study the metacarpal bone density of osteoarthrotic patients and compare it with normals. They found that the metacarpal bone density of most patients with osteoarthrosis of the hip joint was greater than normal for their age. They confirmed the association between fracture of the upper end of the femur and osteoporosis, and showed that osteoarthrosis of the hip is seldom found in such patients.
From our biochemical and enzymatic analyses of human osteoarthrotic cartilage (Ali and Evans, 1973) we postulated a calcification abnormality in diseased tissue as one aetiological factor. Electron microscopy observations of diseased human articular cartilage also demonstrated amorphous and crystalline mineral deposits in cartilage matrix (Ali and Bayliss, 1974; Ali and Wisby, 1975) . Because McCarty (1970) had recognised apatite among the variety of crystals seen in human articular and periarticular structures in inflammatory arthritis and apatite nodules had been found in the synovial fluid of arthritic patients (Dieppe et al., 1976) we made a further search for the mechanism of apatite crystal formation in human articular cartilage. Two recent papers detail our findings on the subject of apatite crystal formation in normal and osteoarthrotic cartilage (Ali, 1977; Ali, 1978) . Here we summarise the evidence for the formation of mineral nodules from matrix vesicles and outline the concept of abnormal mineralisation of articular cartilage as one process which could initiate osteoarthrosis.
After the closure of the epiphyseal plate the articular cartilage normally remains protected from further calcification. This allows it to remain resilient and to perform its weight-bearing function satisfactorily. Our studies have led us to believe that it is perhaps more relevant to regard articular cartilage, especially near the osteochondral junction, as a latent growth plate that can change under various conditions and revert back to a growth phase, again behaving like an epiphyseal plate. Our investigations of epiphyseal plate calcification had shown that the first needles of apatite are formed in matrix vesicles by calcium incorporation. The crystal nodules thus formed accrete more mineral and coalesce to form the calcified septa (Ali et al., 1970; Ali, 1976) . The systematic mineralisation of the growth plate is therefore initiated by the matrix vesicles, which are extracellular, membranous particles about 100 nm in diameter containing most of the alkaline phosphatase, pyrophosphatase, and ATPase activity of the tissue (Ali et al., 1970) .
With this knowledge of matrix vesicle function in growth cartilage we decided to look at human articular cartilage to see if the vesicles play a part in the mineralisation of joint tissue, especially under pathological conditions. Ultrastructural examination of normal articular cartilage confirmed that the dense bodies surrounding the pericellular area, which had been described by various other authors as lipid globules, were matrix vesicles similar to those in epiphyseal cartilage. Their appearance showed the same osmiophilic characteristics; their size varied from 50 nm to 250 nm in diameter and was very similar to the matrix vesicles in epiphyseal cartilage. However, they appeared more heterogeneous in size and distribution (Fig. 1) . The vesicles were present at all levels of articular cartilage but were more often in the deeper zone near the tide mark region adjoining the subchondral bone. In this region microcrystals were present inside the vesicles and mineral nodules could be seen either forming 195 from vesicles or lying next to them (Fig. 1) . Obviously it was impossible by electron microscopy to determine their frequency and occurrence. We had to rely on the amount of alkaline phosphatase activity as a means of quantification.
In other published work we have described the increased alkaline phosphatase activity in osteoarthrotic cartilage (Table) . This was sometimes up to 30 times higher than that of normal articular cartilage in the same age group (Ali and Evans, 1973;  Ali and Bayliss, 1974; Ali, 1977) . This may indicate that the number of matrix vesicles in osteoarthrotic cartilage is increas-d. Ultrastructurally, osteoarthrotic articular cartilag-app:ar%d to have many more matrix vesicles, not only in the deeper but also in the mid-zone. The vesicles also appeared to be more granular and often contained needle-like crystals. The crystals were more common in the deeper zone. (Fig. 1) .
Our electron microscopy and biochemical studies indicate that the calcification mechanism may be abnormal in osteoarthrotic cartilage and that this could have serious consequences. Articular cartilage has a great affinity for calcium and a high calcium content (Eichelberger et al., 1958 ). An abnormal calcification mechanism can produce cartilage degeneration in a number of ways. For example, an increase in matrix vesicles and mineral nodules in the deeper zones of cartilage may lead to focal conversion of the basal portion of the tissue into calcified cartilage and eventually bone. This may alter the tide mark or osteochondral junction region and permit an advance of the mineral front, implying that articular cartilage has reverted to a growth phase again. Remodelling of the osteochondral junction may put greater pressure on the remaining layers of cartilage, which may then become more susceptible to degradation by normal wear processes as indicated by Johnson (1962) and confirmed by others (Vignon et al., 1974; Lane et al., 1977) . Moreover, any change in the local concentration of calcium in articular cartilage could alter the physicochemical properties of the tissue, such as the water-binding capacity, the colloidal charge density, the swelling pressure, and thus elasticity of the tissue.
Gardner and his colleagues (Armstrong et al., 1977) have shown that articular cartilage becomes more compliant with age, and this shift could be affected not only by the concentration of proteoglycans but also the mineral content of the cartilage. All these changes will make the articular cartilage more prone to wear under pressure during normal use. In addition, the presence of mineral crystallites and nodules in the middle and upper layers of cartilage may lead to physical, abrasive wear of the whole tissue. Recurrent acute inflammation associated with focal apatite crystal deposition has been found in some patients (McCarty and Gatter, 1966) . Dieppe et al. (1976) and Dieppe (1977) not only identified and analysed hydroxyapatite nodules in synovial fluid but also demonstratedtheinflammatoryreaction which the mineral particles could produce. Thus they postulate an 'apatite deposition disease' as one form of osteoarthrosis. The particle sizes described by Dieppe et al. (1976) vary from 0-15 ,Lm to 0-8 ,m. The matrix vesicles we found in human articular cartilage were from 0 5 to 0 25 /tm. When nodules were formed from them the diameter increased to 0-6 t,m (Fig. 1) . Thus the mineral nodules in Fig. 1 are very near in size and description to those of Dieppe et al. (1976) .
In normal articular cartilage the mineral nodules associated with matrix vesicles are commonly found in the deeper layers. In osteoarthritic cartilage they also occur in the middle zones. If there were coincident deep fibrillation on the formation of vertical clefts in the cartilage then it would be easy to visualise these nodules being shed into the joint cavity, setting up an inflammatory cycle. In chondrocalcinosis there seems to be a slight decrease in the alkaline phosphatase activity of articular cartilage (Reginato et al., 1974) . By contrast, we have found that alkaline phosphatase activity is increased in osteoarthrotic cartilage. Our findings are therefore quite different from those in pseudogout. Possibly lack of alkaline phosphatase (pyrophosphatase) will lead to an accumulation of pyrophosphate, whereas an increase in alkaline phosphatase will permit the hydrolysis of phosphate-containing substrates and the formation of apatite (Ali, 1976) . We therefore agree with Dieppe et al. (1976) 
